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divergent-shroud ejector configurateions were

E. Povolny

investigated to
the effect of shroud divergence angle on ejector internal per-
Unheated dry air was used for both the primary and secondary

The decrease in the design-point thrust coefficient with increasing
flow divergence angle (angle measured frmprimry etit to shroud exit)

. followed very closely a simple relation involving the cosine of the
angle. This indicates that design-point thrust performance for Mvergent-

> shroud ejectors can be predicted with reasonable accuracy within the range
\ investigated. The decrease in design-point thrust coefficient due to in-

creasing the flow divergence engle flmm 120 to 30° (half-singles)was ap-
proximately 6 percent. Ejector air-handling characteristicsand the
primary-nozzle flow coefficient were not significantly affectedly change
in shroud divergence angle.

The advent of supersonic

.

131T130DUCTION

fld.ghthas increased the available exhaust-

.

nozzle pressure ratio of turbojet-powered aircraft to such an extent that
the convergent nozzles used in the subsonic regtie become prohibitively
inefficient. Reference 1 shows that divergent-shroud ejector nozzles can
be used to expand the engine exhaust gases efficiently at high pressure
ratios and at the same time provide cooling air for the engine, the after-
burner, and the nozzle by the flow of secondary air.

The various configurations of reference 1 covereda range of design
pressure ratios but were limited to relatively low shroud divergence
angles. The shroud divergence singlesinvestigated varied frm 3° to 12°
(see sketch).
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Appreciable savings in structural weight and shroud cooling-air re-
quirements can be made if the sbrmud divergence angle @ is increased
for any given design, thus shortening the ejector shroud.. It is to be
expected, however, that, as the divergence angle is increased, the losses
due to nonaxial velocity components at the nozzle exit wiX1.also in-
crease, just as is sho~ to ~e the case for conical
nozzles in reference 2.

The investigation reported hereinafter extends
ejector designs of reference 1 to shroud angles ~
in order to determine the effect of shroud angle on
formance. The three groups of ejectors have design

convergent-divergent

three representative
.

of 15°, 20°, and 25°
ejectortnozzle per-

.-
fl

pressure ratios of
approximately 6.5, 12, and 25; and the test conditions covered a range

..

of prhary-nozzle pressure ratios frcm about 1.8 to a value beyond the
design point for each configuration.

Secondary weight flow was varied ticm zero to a value which made the
secondary total pressure nearly equal to the primary total pressure. This
resulted in secondary weight flows of frcznzero to about 16 percent of the
prtiry airflow. The tests were conducted with dry air at approximately
60° F for both the primary and secondary flows. Unpublished NACA data in-
dicate that the performance of a given ejector nozzle is essentially the
same when hot exhaust gas instead of unheated air is used for the primam
stream.

APPARATUS AND INSTWM3NTATION

Test Facility

The ejector models were installed in a 6-foot-diemeter test chamber
shown photographically in figure 1. Figure 2 is a diagrematic sketch .-,
of the test facility. The ejector models and the air-supply pipes were
freely suspended in the chamber by four flexure rods. The resultant
axial force acting on the e~ector installation during the tests was k

transmitted through a flexure-plate-su orted bell crank and linkage to

v..=.
%’%@t



NACA RM E573’13

*
3

.

a calibrated null-type pneumatic force-measuring cell. Pressure gradi-
ents on the diffuser section of the primary-air inlet pipe were pre-
vented by a vent line which connected the annular region between the
labninth seals to the test chariber. This minimized the pressure drop
and the airflow through the second seal. Secondary air was supplied
through a 6-inch flexible rubber hose which was connected perpendicu-
larly to the ejector axis so that no axial forces couldbe transmitted
to the rig when the hose was pressurized. The secondary-air-supplypipe
included an orifice assembly for measuring secondary airflow.

Ejector Models

The geometries of the tine ejector mcdels investigated aqdthe
three low-shroud-sngle counterparts from reference 1 are given in table
I. The three groups of ejectors had exit diameter ratios of about 1.24,
1.46, and 1.82, which correspond to design pressure ratios of 6.5, 12,
and 25, respectively.

The minimum area of the shroud (the point at which Ds is measured)
was arbitrarily placed in the plane of the primary-nozzle exit for this
investigation (see sketch, table 1). Practical ejector design consider-
ations may often make it necessary or desirable to move this sku?oudmini-
mum area slightly downstream of the plane of the prtiry-nozzle exit and
to contour this region of the shroud. ‘l&s would not be expected to have
significant effect on the ejector performance as long as the primary.jet
does not expand to an area greater than the shroud minimum area at any
point upstream of the minimm shroud area.

Configurations 1 to 6 were run with a primary nozzle of 8.30-inch
exit diameter. ‘Thisrelatively large nozzle passed sufficient air, how-
ever, to cause excessive pressure losses in the e-ust system, thereby
limiting the maximum primary-nozzle pressure ratio for these six config-
urations to values under 16. In order to reach design pressure ratio
for configurations 7, 8, and 9, the models were scaled down for use with
a 6.50-inch-diameterprimary nozzle. (The primary-nozzle convergence
angle was 8° for both-prim&’y nozzles.) -

Instrumentation

Pressure measurements were made at the

—

various stations indicated
in figures 2 and 3. The type of instrwnentation at each location is
given in table II. The total temperature of the primary air was measured
by means of two iron-constantan thermocouples several feet upstresn of

. station 1. ‘3?&secondary-air temperature, measured by a single thermo-
couple in the secondary-air-supplypipe, was the sane as that for the
primary stresm inasmuch as both were supplied fhm the same header.

P

‘,
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The performance of

PROCEDURE

each ejector configuration was obtained as fol-
5

lows: (1) Pressurized air (40-lb/sq in. g=ge) frcm the laboratory supply
system was throttled to a reduced pressure of about 45 Inches of mercury
absolute upstream of station 1 (fig. 2). (This inlet pressure gave
nearly the maximum prhary pressure ratios obtainable tith this facility.)

[

2) The test-chamber exhaust line was fully opened to the exhaust system
26 in. Hg, vacuum), resulting in a maxfmum primary-nozzle pressure ratio
of about 16 to 18 for the 8.30-inch-dismeterprimary nozzle and 28 to 30
for the 6.50-inch-dtameterprtiary nozzle. (3) Theejector perfoman:e 8
for zero secondary airflow was then obtained bymaintainlng a constant
header pressure upstream of the inlet throttling valve, while the ex-
haust pressure was raised in steps by closing the e-ust valves down-
stream of the test chamber until a primary pressure ratio of slightly
less than 2 was obtained for each configuration. (4} The exhaust pres-
sure was then reduced again to a minimum value, and secondary air-
flow was introduced through a throttling valve downstream of the
secondary-airmeasuring orifice. For each setting of secondary airflow, -
the ejector performance over a ccmplete range of @mary-nozzle pressure
ratios was obtained as in step (3). The secondary weight-flow ratio ~s
increased in three or four arbit~ steps) ~th the EEL~~ ~lue bei=.
obtained when the secondary total pressure was eqpal to the primary total ~
pressure. This resulted in secondary weight-flow ratios of approximately
10 percent for configurations 1, 2, and 3 and 16 percent for the other

—

configurations. The ejector weight-flow ratio remained constant for any
given setting of the secondary-air throttling valve even though at low

n

primary-nozzle pressure ratios both the secondary passage and the-prhary
nozzle were unchoked. This was due to the fact that both primary and
secondary flows were supplied from a common source and the throttling .-

valves were choked at all times.
.—

Preliminary test6 indicated no significant difference in total-
pressure measuranents between stations s and s’ (fig. 3). There were
slight Variationsj however, in the circumferential total-pressure dis-
tribution at station s’ for high secondary weight flows. Therefore, the
secondary pressure measurements at station Sf rather thm at sktion s
were used in the calculations.

Symbols are defined in appendix A, ad the methods of calculation
are given in appendix B,

The thrust
primary nozzles

RESULTS AND DISCUSSION

Performance of Primary Nozzles

and flow (or discharge) coefficients for both of the
which were used with the ejector models sre shown in

.

hiii~. .
,
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figure 4 for a range of pressure ratios. The thrust
~(a)) is defined as the ratio of measured jet thrust
Mmensional) .Ietthrust for the measured weight flow

coefficient (fig.
to ideal (one-
expanded isentrop-

icall.ythro~ the -e (measured) pressure =atio. ~-flow coefficient
(fig. 4(b)) is the ratio of measured corrected weight flow to ideal (one-
dimensional) corrected weight flow for the same pressure ratio.

The thrust-coefficient level for the prbmx’y nozzles is about 1 to

l~percent hjgher than that indicatedby previously published data for

convergent nozzles (refs. 1 and 3 to 8). Eowever, because of the exten-
sive calibrations and checks made on the test rig, the relative thrust
values renorted herein are believed reliable. Error analysis of measure-
ments sho~ed a probable mean error of
coefficient.

The flow-coefficient data are in
similar nozzles (refs. 5 to 8).

about +1 percent for thrust

good agreement with other data for

Ejector Performance

Performance data for ejector configurations. - The performance of
each of the nine ejector-nozzle configurations is presented in figures
5 to B.

(1)

(2)

(3)

(4)

Each

For each ejector the following data plots are shown:

Ratio of ejector thrust to ideal primary-nozzle thrust ‘ej/Fl~

Ejector thrust coefficient Fej/(FiP +Fis)

Ejector total-pressure ratio (ps/pp)ej ,

Primary-nozzle flow coefficient PL;pfl+)i

of these quantities is plotted against primary-nozzle press-
ure ratio for several constant values of secondary-to-prhaary corrected
weight-flow ratio (ws/wp)~~. Secondary- and primary-air temperatures
were the same for this investigation, but the use of the conventional gen-
eralized ejector performance par~eter (w~/wp)~’ has been retained
in the figures. Un blished NAC!Adata indicate that the weight flow cor-
rection factor =/&% is sufficient to correlate ejector nozzle thrust
and pumping characteristics when hot exhaust gas rather than unheated dry
air is used for the primary Jet.

The ratio of ejector jet thrust to ideal primary-nozzle thrust
(isentropic one-dimensional expansion of the measured prhary weight
flow) is convenient in estimating the gross
thrust performance that is eqtipped with an

thrust of an engine of
ejector nozzle similar

lnlown
to
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one of’the model ejectors. For example, a typical use of this ratio
would be as follows:

Fej =

where Fej/Fip is obtained from

-. .-

()/ F
%F~
Fip

the performance data for the desired

pressure ratio and secondary weight-flow ratio, F is the lmown conver-

)gent) primary-nozzle (or engine) thrust tith no ejector, and F F is i
p ip E

the primary-nozzle thrust coefficient for the desired pressure ratio &ran
figure 4. —

The ejector thrust coefficient is defined as the ratio of measured
ejector thrust to the sum of the ideal (one-dimensionaliseutropic ex-
pansion) thrusts of both the primary and secondary streams using the

—

measured values of airflow and pressure ratio. Tbls coefficient is a
measure of the efficiency with which the ejector nozzle converts the ccrn-
bined available ehergy of primary and secondary streams to useful thrust.
The secondary weight flow for optimum gross ejector tlmust is readily
seen from such a plot. However, the secondary weight flow giving opti-
mum net-thrust would, of course, depend upon the source and state of the
secondary-air stream for any particular insta~ation. -

In general, the shape ofeither type of thrust curve (for a con-
stant corrected weight-flow ratio) is similar and is a result of the .

‘following: As the primary-nozzle pressure ratio is increased fhm a
value of about 2)-the thrust coefficient (or the thrust ratio) first de-
creases because of overe~nsion of the flow and then increases as the
pressure ratio is further increased and reaches a peak value near the
design pressure ratio. (The design pressure ratio is defined as that
pressure ratio which would result frcm isentropic expansion of the flow

——

from the area of the primary nozzle to the area of the shroud exit.) As
the primary-nozzle pressure ratio is increased above the value for peak
thrust coefficient, the thrust coefficient (or thrust ratio) decreases
because of underexpansion losses. For most values of pressure ratio,

—

the value of the ratio of ejector thrust-to ideal primary thrust for a
given corrected weight-flow ratio is awroxi,mately equal to the thrust
ratio (or coefficient) for zero secondary flow plus the corrected weight-
flow ratio. This indicates that the increase in ejector thrust ratio
with secondary weight flow is largely due to the additional mass flow,
and reflects the fact that the energy conversion of the canbined primary
and secondary streams is about the same as that of the prtiry stresm
alone.

The air-handling characteristics (sometimes referred to as the a

pwnping characteristics) for the ejector models are sh@rn by plots of
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ejector total-pressure ratio (ratio of secondary total pressure to pri-
mary total pressure) against the primary-nozzle pressure ratio. F&cm
these data plots it is possible to determine the amount of secondary air-
flow the ejector will pass for a given primary-nozzle pressure ratio and
secondary-passage total pressure.

The primary-nozzle flow coefficient canbe materially affectedly
secondary flow in some types of ejectors. For tivergent-shroud ejectors,
however, this effect is mna~, providing the minimum area of the shroud
is not downstream of the primary-nozzle exit. The reduction in primary
flow coefficient at the highest secondary weight flow was not greater
than 1 percent for all configurations investigated. Primsry-nozzle flow
coefficients were not affected by changes in divergence angle.

Effect of flow divergence angle on design-point thrust. - In ffg-
ure 14 the design-point thrust coefficient for zero secondary airflow
and for representative weight-flow ratios is plotted against the flow
divergence angle (divergence angle frcm primary exit to shroud exit) for
each of the nine configurations tested and also for the three configura-
tions &rcxnreference 1. (For each configuration the thrust coefficient
for all other corrected weight-flow ratios investigated fell within.the
limits of the two values shown.) Also shown in figure 14 is a theoreti-

cal curve in which the factor ~ (1 + cos cc)is used to appro-te the

expected decrease in thrust due to the nonaxial ccmponent of velocity at
the nozzle exit (ref. 2). The flow divergence angle a resulted in a
better correlation of data with the theoretical curve than did the
shroud divergence angle p.

In a typical vsxiable-geometry ejector-nozzle application, a high
shroud divergence angle would re resent the maximum

?

flight-speed condi-
tion, usually tith afterburning sketch (a)). It may be seen from

—- -—

Afterburningposition(M@ speed)

—. —- -— —- -—

Iionafterburdngpodtion (crutae)

Sketch(a) Sketch(b) match (c)

&%L&A”
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figure 14 that by increasing the flow divergence angle a frcm 12° to
240 (sketch (b)) there would be a loss in ejector Jet thrust of about 3
percent for any design expansion ratio in the range investigated (exit %-

diameter ratios, 1.24 to 1.82). The decrease in thrust coefficient
amounts to another 3 percent as a is increased from 24° to 30° (sketch
c). It must be remembered, of course, that, at the very high flight
speeds of modern aircraft, the decrease in net thrust can be two or three
times greater than the loss in jet thrust. .-

On the other hand, by increasing a &om J-2°to 24°, the shroud K—:

length would be reduced about 50 percent; and, for a full-scale ejector- :

nozzle design, this would mean that the shroud surface area which re-
quires cooling would be reduced about 50 percent, with an attendant de-
crease in weight. Also, for a%ypical subsonic cruise condition, the.
shroud of the variable ejector would be closed down in area and become
nearly cylindrical in internal shape (see sketches), and the design
thrust coefficient would be about 4 percent higher than for the 24°
flow divergence angle. This increase in thrust coefficient, however,
could be partly or wholly compensated for by an increase in boattail
drag resulting from the higher boattail angles associated @th the short-
ened shroud in the closed position for a pod- or nacelle-mounted
installation.

—

The design of an optimum variable-ge~etry ejector-nozzle config- .W

uration thus beccmnesa complicated process in which the gains to be made
in weight saving and cooling requirqents for a short high-flow-
divergence-angleshro,~dmust be balanced a~igst loss in net thrust at 6

high flight speeds and increase in boattail drag {or base drag) for the
cruise condition. Of course, such an analysis must be based on the type
of installation (pod-mountedor buried), the flight plan (mostly cruise
or mostly high-speed), the take-off procedt@e (afterburningof nonafter-
burning}, the variation of primary-nozzle geometry, and numerous other
factors beyond the scope of this report. It appears from the data of
figure 14, however, that the effect of flow divergence angle on internal “
design-point thrust for divergent-sku?oudesectors (generally similar to
those examined) can be predicted with reasqgable accuracy frm theoreti-
cal considerations alone. —

Effect of shroud divergence angle on tkcrustcoefficient. - In order
to illustrate how the shroud divergence angle influences the thrust char-
acteristics of an ejector nozzle, the thrust-coefficient curves for con-
figurations 7 and 9 (P of 15° and 25°, respectively) are shown in fig-
ure 15(a) for a typical corrected weight-flow ratio of about 0.032. Both
of these models have an exit diameter ratio of appro-tely 1.8 and a
throat di-eter ratio of 1.10. The shape of the thrust curves, which is
typical for divergent-ejector nozzles and qyite shilar to that for
convergent-divergentnozzles> can be better understood t~o@ a ~ow- .—

ledge of what is happening to the flow as it passes through the divergent
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shroud. One way of doing this is by examining

-)
file along the shroud.

the

9

static-pressurepro-

Figure 16 shows the dimensionless axial shroud static-pressurepro-
file for several points along the curves of figure 15. Yhe-snbient -
static-pressure level is indicated for each condition by a dashed line
at the right side of the figure. This static-pressureperformance map
is qtite similar to the familiar convergent-tivergentnozzle pressure
plots (e.g., refs. 3 and 4). As explained in detail in reference 3, any
change in thrust of”a,convergent-divergentnozzle when the throat is
choked is brought about by changes in the static-pressure distribution
along the divergent walls. A similar sttuation exists for the divergent
e~ectors, such that the changes in the thrust-coefficient curves of fig-
ure 15 may readily be e@!-ained by examining the stitic-pressure distri-
butions shown in figure 16.

For exsmple, in figure X5(a) at point A for the thrust-coefficienty
curve of configuration 7 (p = 150), the prhary jet issues frcm the~
choked primary nozzle near smbient pressure and the performance is es-
sentially that of a convergent nozzle. The pressure distribution along
the shroud for this condition (fig. 16(a), Pp/po.= 2.56) is close to

ambient pressure, which is represented by the dashed line for
. pJPp = 0.391. The flow through the secondary-passage exit and along

the skroud is all subsonic. This is shownby the fact that changes in
. ambient pressure affect the secondary total pressure at point A in fig-

ure 15(b). In this region of operation, then, the primaqy flow is, in
effect, detached frcm, or not influenced by, the shroud.

Between points A and B in figure 15(a), as the primary-nozzle pres-
sure ratio is increased, the primary jet expands as it leaves the primary
nozzle and aspirates the region between the primary jet and the shroud,
causing the wall pressures to be lower than ambient along the shroud
(e.g., fig. 16(a), Pp/po = 4.12), especially near the primary-nozzle exit

(A/~ = 1.21). This pressure, lower than smbient, on the divergent srea

of the shroud creates a force term in the &al direction which opposes
(or reduces) the available jet thrust, thus lowering the thrust
coefficient.

At point B the prs jet expands until the secondary flow near
the shroud becomes choked, and the whole cross-sectional area of the
divergent shroud is filled with supersonic flow at scme plane downstream
of the primary-nozzle exit. -es in-bient pressure are no longer
reflected in the seconikry passage as the primary-nozzle pressure ratio

. is increased (fig. 15(b)). Now, the primary flow is effectlvel.yattached
to the shroud for a short distance downstream

P

‘w.-””
hi~

of the primary-nozzle exit,
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as shown by the static-pressureprofile in figure 16(a) for Pp/po = 4.58.

For this condition the static-pressureratio for the first two taps be- Y
comes fixed at a minhmm value and no longer changes as the nozzle pres-
sure ratio is increased, thus indicating full supersonic flow at these
stations. At an area ratio of about 1.8, a shock occurs and the wall
pressures rise again toward smbient pressure as the flow travels toward
the exit. The entire area of the shroud, however, is considerably below
ambient pressure, ad the thrust coefficient is thus at a mixdmum value.

As the primary pressure ratio is increased beyond point B (fig.
15(a)), the flow expands supersonically farther-along the shroud until i

at point-C (pressure ratio of approx. 14.08) it has expanded along the .-

entire shroud length and no further changes in wall pressure occur as
pp/Po is increased (fig. 16(a)). At point-C a large part of the shroud

wall is above ambient pressure (dashed line at po/Pp = O.O?l in fig. -.

16(a)) so that the overexpansion losses are much smailer than at point B,
causing a rise in the thrust-coefficient curve in fi~e 15(a) from yoint
B to point C.

At point D (fig. 15(a)) the static pressure at the end of the shroud
is just eqtil to the embient pressure, and the ejector is operating at de-

—

sign pressure ratio. All the skmoud area is at pressures above ab.ient, .
~.

and the thrust coefficient is a maximum. AS the pressure ratio 1s in-
creased beyond.point D, the thrust coefficient decreases because of un-
derexpansion losses. (The static pressure at the exit of the shroud is

M.

greater than ambient; and, if the shroud were extended, an additional
force in the thrust direction could be realized which is otherwise lost.]

,:

—
The characteristic shape of the thrust-coefficient curve for con-

figuration 9 (j3= 25°) in figure 1.5(a)is, in general, the same as that
for the lower-angle configuration just discussed. There are several d3.f-
ferences (most noticeably the thrust level), however, tich are due to
the increased shroud angle (ficm 15° to 250]. b the region from A’ to
B’, the thrust losses due to aspiration (shroud wall pressure reduced be-
low abient near the primary exit] are less for the high-shroud-angle

--—
—

configuration (at comparable pressiu?eratios] because of the greater dis-
tance separating the shroud and the primary jet at a given distance down-
stream of the primgry-nozzle exit. This may be seen by comparing tile
pressure distribution for pp/Po = 4*12 in fi~e 16(a) ~th t~t for

pp/Po= 4*O6 in fi~e 16(b)c The static pressures on the shroud are

much closer to smbient for the high-shroud-angle configuration. The
higher-angle shroud also requires a higher primary-nozzle pressure ratio
before the jet becomes effectively attached to the shroud. Thus, the
pressure ratio at which the cross-sectionalarea of the shroud just down-

.

stream of the primary-nozzle exit first beccm@s filled with supersonic
.
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is increased f%om about 4.5 (point B, fig. 15.(a))for configuration
= 15°) to about 9 (point B!, fig. 15(a)) for configuration 9
250). It is interesting to note that in part of the off-design re-
the high-angle shroud can give much better performance than the

lower-angle models. For example, at a pressure ratio of about 4.5 (fig.
15(a)) the thrust coefficient for the 25° shroud is 7 percentage points
higher than that for the 15° shroud.

The maximum thrust coefficient for configuration 9 (point D’, fig.

8 15(a)) is lower than that for configuration 7 (point D, fig. 15(a)) be-

3 cause the no~xial component of velocity at the shroud exit increases as
the shroud angle is increased (ref. 2). Cmparison of the shroud wall
pressures in figures 16(s.]and (b) Yor the completely expanded supersonic-
flow case (the bottcm curve in each figure) shows this thrust loss as a
lowering of the pressures along most of the shroud - especially near the

Al primary-nozzle exit - due to the higher supersonic-flow tucning angle re-

2 quired to attach the jet to the shroud near the primary-nozzle exit. If
a the shroud angle is further increased, point B’ in figure 15(a) will move
y to higher pressure ratios, and the rise in the thrust-coefficient curve
g from B’ to D’ till become less pronounced until eventual~ the perform-

ance degenerates to simple convergent-nozzleperformance.

w Effect of flow divergence angle on air-handling characteristics. -
Because one of the functions of the ejector nozzle is to pump secondsry
cooling air for an engine installation, the so-called pumping character-

. istics are of interest, especially at conditions of take-off or low-
speed cruise (when the source pressure, such as ram air, is insufficient
to do the job). b figure 17 the corrected weight-flow ratio is plotted
against the flow divergence angle for various constant values of ejector
total-pressure ratio (pS/pp)eJ at prs-nozzle pressure ratios pp/Po

of 2, 3, 4, and 6 and above. The data for figure 17 were obtained frcm
configurations 7, 8, 9, and configuration 10 of reference 1, all.with
De/Dp of about 1.82; however, the ssme characteristics would, in gen-

eral, apply to any series of conical divergent ejectors with Ds/% of

approximately 1.10 and s~lar shroud angles, regardless of shroud
length.

For certain conditions of primary-nozzle pressure ratios below 6
and ejector total-pressure ratios less than 0.50 or 0.60, the shroud
angle does have an effect on the pmping characteristics (fig. 17). For
example, at Pp/po o% 2 and Ps/Pp of 0.48 (which might be typical of

take-off conditions)(fig. 17(a]), the lowest-angle configuration (a= 2.2°)

passes ~ percent corrected weight flow, the next-higher-anglemodel

(a = 17°)-passes 2 percent, and the two highest-angle models (a = 230 and

—
.

28°) have zero secondary flow at these conditions.

1-
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It should be noted, however, that these low primary-nozzle pressure
ratios are in the off-design region of operation for-most divergent
ejectors, and also that the external flow at flight speeds less than de-

S3

sign speed can influence the ambient pressure felt by the eJector (ref.
9). For the latter case, the static pressure at the external lip of the
shroud should be substituted for PO in PD/po when the ejector per-

formance is esthated. At the higher press-we ratios (fig. 17(d)) which
would be representative of operation near the design point, changes in
divergence angle do not affect the pumping characteristics.

Effect of secondary airflow on ejector thrust coefficient. - The
thrust coefficient of divergent ejectors is influencedby the secondary
flow primarily in the region of overe~ansion of the primary flow. In
order to illustrate the typical effect of secondsry flow on ejector per-
formance, the ejector thrust coefficient and the ejector total-pressure
ratio for configuration 7 are shown in figure 18 for the highest and the
two lowest corrected weight-flow ratios investigated (including zero see-
Ondary flow). Because the static pressures.@m.ng the shroud are again
useful in understanding the shape of the thrust curves, the static-
pressure distribution plots for the thkee corrected weight-flow ratios
of figure 28 are shown in figure 19. The effect-of secondary flow on
thrust coefficient can be conveniently exained in three regions of
ejector performance: (1) very lowpr--nozzle pressure ratios, where “t-
he flow near the wall of the divergent sMo@ is all subsonic; (2) over-
expansion, where supersonic flow first fills the cross-sectional area in
the shroud just downstream of the primary-nozzle exit; and (3) pressure .

ratios near the design point.

For very low @mary-nozzle pressure ratios (points A, A’, and A”,
fig. 18(a)), the prhary flow is effectively detached frcm the shroud,
as shown by the fact that the shroud wall pressure ratios of figure 19,
at primary-nozzle pressure ratios corresponding to points A, A’, and A“
(Pp/po of 2.68, 2.56, and 2.04, respectively) have not reached their minl-

mti value (lowest curve) at any point. For zero and low secondary flows
(figs. 19(a) md (b), respectively}, the shroud pressures are nearly M- -
bient all along the length of the shroud, and the thrust levels (pointsA
and A’, fig. 18(a)) are comparatively high

F

the high corrected
weight-flow ratio of figure 18(a)((ws/wp) l’s/~ = 0.163), the value of

(ps/p~)e~ ‘s 0.’9 (fig. 18(b)), and the eJector is essentially a

conve~gent-divergent nozzle with a throat diameter eqwl to Ds. For
this case, the shroud pressures near the primary-nozzle exit for point A“
in figure 18(a) are very low (as shown in fig. 19(c) for Pp/po = 2.04).

This indicates relatively high velocities due to overexpansion of the
flow in this region and is responsible for the relatively poor %hrust
coefficient at point A” in figure 18(a).
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As the primary-nozzle pressure ratio is increased frcm point A to
point B (zero secondary airflow, fig. 18(a)), the thrust coefficient
falls off rapidly because of the influence of the increasingly expanding
primary jet on the shroud pressures (fig. 19(a)} pp/PO = 3.50) until, at

point C, the supersonic prtiary jet suddenly attaches to the portion of
the shroud near the primary-nozzle exit, causi

Y

severe reductions in
walL pressure due to overexpansion of the flow e.g., fig. 19(a),
PD/po= 4.09). h this region of pressure ratios, the ejector perform-

a~ce with zero secondary airflow becomes discontinuous, as indicated in
figure 18 by the vertical dashed lines (i.e., no stable operation is pos-
sible between points B and C in fig. 18).

If a qmall smount of low-energy secondary air is introduced while
the ejector is operating in the region of overe~ansion, it till act as
a cushion, decreasing the sudden expansion losses as the Jet leaves the
primary nozzle and thereby reducing the thrust loss due to the lowering
of shroud wall pressures in the region just downstream of the prhary-
nozzle exit for pressure ratios between points A’ and C’ in figure 18.
The pressure ratio at which supersonic flow first attaches to the shroud
is then increased beyond point C!(Pp/po = 3.5 for zero flow) to point C’

(PD/po = 4.58 for corrected weight-flow ratio of 0.033 in figs. 18 and

19~b)). Also with low secondary airflow, a shock forms in the shroud at
a point nearer the primary-nozzle exit for a given value of primary-
nozzle pressure ratio, thus decreasing the overexpansion losses at point
C’ and causing the thrust coefficient in figure 18{a) to be much higher
for the low-secondary-airflow curve than for zero flow in this region of
primary pressure ratios.

For the high corrected weight-flow ratio ((ws/wp)~~= 0.163, fig.

18(a)) the secondary flow expands along with the primary jet and helps
fill the shroud, thus decreasing the amount of overe~ansion experienced
by the primary Jet with no secondary flow and raising the thrust coef-
ficient over the no-flow case in the region of over~ansion pressure
ratios from point C to point D“. However, because of the high-energY
level of the secondary air for this condition (P6 = Pp), the ccmbined

primary and secondary stream tends to remain overexpa~ded at a much
lower pressure ratio (point C“) than with lower secondary flows.

The peak thrust coefficients with secondary flow (points D’ and D“,
fig. 18(a}) occur at progressively lower prq-nozzle pressure ratios
than for zero secondary airflow (point D), because the increased mass
flow (primary and secondary) passing through the fixed shroud area
reaches ambient static pressure at the end of the shroud at a lower

. primary-nozzle pressure ratio than when the primary jet is free to ex-
pand in the entire area by itself (i.e., increasing the secondary airflow

.
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has the same effect as decreasing the exit diameter ratio De/Dp and

shifts the whole performance curve laterally toward lower primary-nozzle
pressure ratios.

The peak thrust coefficient at point D is slightly lower than at_
point D’ because of expansion losses associated tith higher-flow angular-
ity at the primary-nozzle exit and attendant lower wall pressures when
no secon&rry flow is present. This may be seen by comparing the can-
pletely expanded curves in figures 19(a) and (b). In figure 19(a) the
skmoud pressure ratios just downstream of the primary-nozzle exit are
lower than in figure 19(b). A divergent ejector of this type with no
secondary flow is thus analogous to the step nozzles (convergent-
divergent) discussed in reference 10 and suffers a similar loss in peak
thrust coefficient. For most of the models tested the level of the peak
thrust coefficient did not change as the corrected weight-flow ratio was
varied from the lowest value to the highest. Exceptions were configura-
tions 1, 2, and 3, which had extremely short sbro’uds,and configuration
7, for which point D“ is slightly lower in level than point D’ (fig.
18(a)).

Reduction of overe~ansion losses by means of secondary flow. - In
order to show more clearly the effect of secondary airflow on ejector
performance in the region of overexpansion at off-design pressure ratios,
the maximum decrease in thrust coefficient frcm the design-pressure-ratio
value due to overewsion (primary-nozzlepressure ratios less than de-
sign) is shown in figure 20 for the nine configurations investigated for
zero (fig. 20(a)) and approximately 3-percent (fig. 20(b)) secondary air-
flows. By ccmparing figures 20(a] and (b) it may be seen that for all
shroud angles there is a large reduction in the thrust losses due to
overexpansion for the 3-percent secondary-flow data. For ejectors wtth
exit diameter ratios under 1.5, the maximum thrust losses due to over-

.

—

*

expansion are reduced 75 percent or more with 3-percent
For the ejectors with exit diameter ratios of 1.82, the
about 50 percent. The higher weight-flow ratios have a
upon the ejector thrust coefficient in the-overeqmded
decreasing extent as the secondary flow is increased.

secondary air.
reduction is
stiilar effect
region but to a

Figure 20 also indicates a similar reduction in overexpansion losses
with increasing shroud divergence angle. The overe~nsion losses for
the 25° shrouds were only one-half to one-third as large as those for the
150 s~~~. This is due to the reduced aspiration effect for high-angle
shrouds discussed previously in connection-with figure 15. Thus, a high-
angle shroud, even through it has a lower design-point--thrustcoefficient,
might give much better off-design performance at low pressure ratios than
a low-divergence-angle shroud.

.

.
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SUMMARY OF RESULTS

The internal performance characteristics

15

of nine divergent-shroud
ejector nozzles were investigated over a range of primary-nozzle pres-
sure ratios and corrected weight-flow ratios. The object of this in-
vestigation was to determine the effect upon ejector performance of in-
creasing the shroud divergence angle from 10° to 15°, 20°, snd 25° on
three, typical, previously reported ejector nozzles. Unh,eateddry air
was used for both primary and seconda~ flows. However, unpublished NACA
data indicate that there are no significant differences in ejector nozzle
performance when hot exhaust gas instead of unheated air is used for the
prima~ jet of any given configuration.

The decrease in design-point thrust coefficient with increase in
flow divergence angle (angle measured from primary exit to shroud exit)
followed very closely a shple relation involving the cosine of the angle.
This indicates that design-point thrust performance for conical divergent
ejectors (in the range of geometries investigated] can be preticted with
reasonable accuracy. The decrease in design-point thrust coefficient due
to increasing the flow divergence angle from 12° to 24° was approximately
3 percent, and &rom 24° to 30° was an additional 3 percent.

Air-handling or pumping characteristics for the ejectors were not
changed by increasing the shroud divergence angle except at low primary-
nozzle pressure ratios (under 6) where umder certain overe~nded condi-
tions the low-angle shroud maiels would pump small amounts of secondary
air but the higher-angle configurations would not.

For off-design operation in the region of overexpansion, the thrust
losses due to overexpansion of the flow were twice as great or more with
no secondary airflow than with 3-percent secondary flow. Also, the over-
expansion losses for the 15° divergent shrouds were two to three times as
great as those for the 25° shrouds. .

X%imary-nozzle flow coefficients for the mcxlelstested were not af-
scted by change in shroud divergence angle but were decreased slightly

as the secondary airflow was increased. This decrease was less than 1
percent even at the highest secondary weight-flow ratios.

Lewis Flight Propulsion Laboratory
National Advisory C-ttee for Aeronautics

Cleveland, Ohio, June 21, 1957

kM&@m@J .,
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APPENDIX A

mom

area, sq in.

diwneter, in.

jet thrust, lb

mea&u?ed ejector jet thrust, lb

measured jet thrust of primary nozzle, lb

resultant-axial force measured by thrust cell,

acceleration due to gravity, 32.196 ft/sec2

axial distance between exits of primary nozzle
in.

mass flow, slugs/see

absolute

absolute

pressure

total pressure, lb/sq in.

static pressure, lb/sq in.

measured at circumference of upstream
air orifice, lb/sq in.

gas constant, 53.35 ft-lb/(lb)(OR)

distance between outside of primary
shroud at plane of primary-nozzle

total temperature, %

velocity, ft~sec

weight flow, lb/see

nozzle and
exit, in.

measured air flow at station 2, lb/see

NACARM E57F13

.

.

lb

and ejector shroud,

E,- —

—.

——
“

“

face of secondary-

inside of eJector

flow divergence angle (see sketch, table 1], deg

angle of shroud divergence from axis, deg
.

.
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.

-1

r ratio of specific heats {1.4 for cold air)

5 tiensionless ratio of total pressure to NAC.Astandard sea-level
pressure of 14.696 lb/sq in.

e dimensionless ratio of
level taperature of

Subscripts:

total temperature to NACA standard sea-
518.7° R

b

c

e

ej

i

ip ‘

is

or

P

P’

s

s’

o

1

2

outside of bellmouth inlet

center of duct

ejector shroud etit

ejector

ideal (one-@ensional isentropic flow)

one-dimensional isentropic expansion of primary flow

one-tiensional isentropic expansion of secondary flow

secondary-air measuring aifice

prhnary stresm, primry-nozzle exit

station p’, primary-nozzle inlet (fig. 3)

secondary stresm or station s

station s’, secon~-air plenum chamber (fig. 3)

tiee stream or smbient

station 1 (fig. 2]

station 2 {fig. 2)

●
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APPENDIX B .

s NAM RM E57F1.3

.
-.___ .,

METHODS OF CALCULATION

Thrust Coefficient

The ejector thrust coefficient is defitid as
ejector thrust to..thesum
thrust of the prhsry and

‘here ‘ej

and V= is
obtained by

is defined as

—. —

the ratio of meas”wed
of the ideal (one-dimensionalisentropic)
secondary streams; that is,

‘eJ/(Fip ‘Fis)

.-

means of

.

Fed = (mV)e+Ae(pe--pO)

the add. velocity. Values of.~”~el for each tits poifitwere

Fej ~ P2

the equation
-u

[

(mV)l-Al(pb -pl)1+Az(~ - po] ‘%
P2

and the measured quantities p2, P2,C, ~, PO, and # as follows: The
# .

1 J(mv)l-A1(~ -PI) “
quantity

P2
was obtained from (p2/P2 ~) by means of a

)
correlation. The correlation had been obtained by integrating the mV
profile at station 1 and carefully measuring the quantities Al)
(P~ - PI)> and P2 for a number of points over a wide range of values of

(P2/p2 c)” The calibrated effective pipe area under the Ubyrinth seals

AZ W& measured by blocking off the primary and secondary passages and

noting the variation of g with (~ - PO). me ar~ Al WELSthen cal-
culated as

The ideal primary thrust Fip is defined as the product of the

measured primary weight flow and the isentropic velocity corresponding
to the measured primary-nozzle pressure ratio:

—
.—.

---=

b-

—

.,
.—.,,.
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where
-

and

.

19

The symibols p2 and A2 are measured values,

.
and K is an experimentally determined constant which is equal to the

ratio of

(*)

and the integrated value of the parsmeter

%@ 2,C (@)mm

at station 2. The value of K was found to be constant for a range of

.

Mach numbers.

The ideal secondary thrust is defined as the
secondary weight flow and the isentropic velocity

PO
measured secondary pressure ratio ~:

s

F
()

is.{m~) —
s &i.

where

product of the measured
corresponding to the

(i%)is+wl
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and

‘“’””.”%.““””

1-w~ NAC?ARME57F13

.

()(nl+q = pu *

or

()m-The term ~ was measured at the secondary-air orifice by means
or

of the equation

FP)or=’”!/F” .—
—

where Y is the expansion factor for the orifice assembly which was used
in the secondary-air line; and K‘ i.sa constant which includes orifice -.
area, discharge coefficient, and velocity of approach factor and was ae-
sumed constant over the range of Reynolds numbers covered in this inves-
tigation. The pressure pu is the pressure measured at the circumfer-
ence of the upstream face of the orifice, and (Ap)or is the pressure diff-

erence between the upstream and downstream faces of the orifice (ref. U.).
.

Weight-Flow Ratio
●.

The corrected weight-flow ratio was calculated as
— —

Primary-Nozzle Discharge Coefficient
—

The primary-nozzle discharge coefficient was defined as the ratio
of actual-to-ideal corrected weight-flow parameters; that is,

where

‘a,2 = 32.2 (m@)p/(~~p
.

.and
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-1

()&As ~
= 14.696

-
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.

for unchoked values of primary-nozzle pressure ratio. For primary-nozzle
pressure ratios above the theoretical choking value, the ideal weight-
flow parameter was assmed constant at the critical value of 0.3432 pound
per second per square inch for y = 1.4.

REFERENCES

1. Greathouse, William K., and Beale, Willism T.: Performance Char-
acteristics of Several Divergent-Shroud Aircraft Ejectors. mm RM
E55G21a, 1955.

2. Steffen, Fred W., Kkull, H. George, and Schmiedl.in,Ralph F.: Effect
of Divergence Angle on the Internal Performance Characteristics of
Several Conical Convergent-DivergentNozzles. NACA RM E54H25, 1954.

t 3. R3?ull,H. George, and Steffen, Fred W.: Performance Characteristics
of One Convergent and Three Convergent-Divergent Nozzles. NACA RM
E52~, 1952.

4. Schairer, G.: Performance Characteristics of Jet Nozzles. Dec. No.
D-12054, Boeing A&plane Co., Seattle (Wash.), July 25, 1951.

5. Huntley, S. C., and Yanowitz, Herbert: Pumping snd Thrust Character-
istics of Several Divergent Cooling-Air Ejectors and Ccanparisonof
Performance with Conical and Cylindrical Ejectors. NACA RM E53%13,
1954.

6. Greathouse, W. K.: Preliminary Investigation of Pumping and Thrust
Characteristics of Full-Size Cooling-Air Ejectors at Several l?Xxust-
Gas Taperatures. NACARME54A18, 1954.

7. Campbell, Carl E., and Sobolewski.,Adam E.: Altitude-Chamber Investi-
gation of J73-GE-lA Turbojet Engine Canponent Perfomnance. NACA RM
E53108, 1954.

8. Wanner, Lewis E., and Wintler, JohnT.: Experimental ~vestigation
of Typical Constant- and Variable-Area Exhaust Nozzles and Effects
on Axial-Flow Turbojet-mine Performance. NACARME51D19, 1951.

.!’.



22 NACARM E57F13

.

9. Valerino, AldtredS., and Yeager, Richar& A.: External-Stresm Effects
on Gross Tkwust and pumping Characteristics of Ejectors Operating
at Off-Design Mach Numbers. NACA RME56C14, 1956.

1-

10. Steffen, Fred W., KYull, E. George, and Schmiedlin, Ralph F.: Effects -
of Several Geometric Variables on Internal Performance of Short
Convergent-DivergentExhaust Nozzles. NACA RM E54LQ9, 1955.

11. Anon.: Standards for Discharge Measurement with StandardizedNozzles
and Orifices. NACA TM 952, 1940.

f
:

.

.

.
,.,

bNk-



, #

:onf@ll-
ration

1
2

q:)

4
5

q:)

7

:

a(lo)

, ,

TA8LEI. -EKWTOR colwmRAmorw

p-r-q

rlmexwnozzle diameter,

%’ ‘n”
Inside

8.30
8.30
8.30

(6.02)

8.30
8.30
8.30

(6.02)

6.5o
6.50

(:.:)

Mxide

%.35
8.55
6.55

(6.14)

8.35
8.3S

(R)

6.83
6,63
6,63

(6.14)

m-t
Iemetez
ratio,

%op

1.24
1.24

(:::)
1.46
1.46
1.46

(1.45)

1.82
1.81
1.81

(1.82)

TbrOat
U.emetel
ratio,

DB/4

1.08
1.06

(;::)

1.10
1.10
1.10

(1.06)

1.10
1.10
1.10

(1.10)

Dm.mL3 6pacl~
,atio, reti.o,
9/q_# L/Dp

T
0.024 O-?n
.024 .2a
.024 .22

(.010) (.47)

.CS6 .69

.036 .51

.036 .-40

(.035) (1.06)

.036 1.31

.CEa .98

(::) (1::)

shroud
liyergence
angle,

P,
deg

*
20

(:)

15
20
25

(9)

15
20

(:)

4400
.1 1

Flow
Divergence
angle,

42!

18
Z5

(:)

M
25

(:)

17
23

(3

%mbemin parentheses refer b values for three cmflgumtions of ref. 1.

)&9
in
Y.g-
we -

5
6
7

8
9
10

11
12
u

N
w



NACA RM E571’13

.

.

TABLE 11. - INSTRUMENTATION

Station or location Total pressure Static pressure
(figs. 2and3)

1 6-Probe equal-area r6ke; 5- 2 Wall taps
probe bountiary-lsyersurvey

Outside of bellmouth --- 7-Probe longitudinal
inlet survey

2 2 Radial 7-probe equal-area 4 Wall taps
rakes, 180° apart;

4-probe boundary-layer survey

p’ (Primary-nozzle 14-Probe equal-area ---
inlet) diametral rake

s Single probe ---

s’ (Secondary-air One 3-~robe rake and 3 single -p-
lenum chamber) probes, all spaced 90°

apart

EJector shroud --- Axial survey, taps
(inside surface) approx. 1 in. apart

O (Tank, ambient) --- 2 Wall taps

.

3w-,.
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1.

(a) Thrustcoefficient.

1

prijns.ry-nozzlepressure ratio, Pp/pO

(b)Flow coefficient.

-e 4. - p=f~ e of primarynozzles(no ejectorshroud).

,

.
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1.

1.

1.

1.

.

.

JFMmsry-nozzle pressureratio,P p.

(a)Thrustcharacteristics.

Figure 5. - Performanceof ejector1. EkLt dlsmeterratio, 1.24; threat
dlaueterratio, 1.08; spacingratio, 0.38; flow divergenceangle, 18°;
shrouddivergenceangle, 150.
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1

1

C!orrecteclwelght-
flowratio,

o
~ .025

.083
A .104

,.

.

.

.

.

.

1.

.

.

Pr_-nozzle pressureratio,pp/po

(b)Flow characteristics.

Figure5. - Concluded.Performsmceof ejector 1. Exit dltuneterratio,
1.24;throat&LameterratioJ1.08;spacingratio,0.38;flowdiver-
genceangle,I-8°j shrouddivergenceangle,15°.
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1

primary-nozzlepressureratio,Pp/P~

(a)Thrustcharacteristics.

me 6. - Performanceof ejector2. EXit&l.ameterr&biO,1.24jtkoat
diameterratio,1.08;spacingratio,0.28;flowdivergenceangle,23°j

shroud divergenceangle, 20°.

.
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1

Correctedweight-
flowratio,

(1

9?~
~%

.

0
.027
.039
.101

(b)FLOW clm.-acteristics.

Figure6. - OoIlclud.ed.Pe3%ornanceof e~ector2. IMt diameterratio,
1.24;throatWxneter ratio,1.08;spacLngratio,0.28;flow diver-

genceangle,23°;shrouddivergenceangle,20°.
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Correctedweight-
flowratio, 1

rrlmary-nozzlepressureratio, P@.

(a) Thrust *cteri13tics.

Figure 7. - Performanceof ejector3. Ht dimeter ratio,
1.24; throat i&meter ~tiO, 1.08; ~C~ ratio, 0.22; flow
divergenceangle, 28°; shrcuddivergenceangle, 25°.
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1.

1.

.

Correctedweight-
flow ratio,

o
: .027
A .062
h .103

primary-no~lepressure“ratio,pp/po

(b)Flow characteristics.

-e 7. - concluded.Performanceof eJector3. Exit Wmeter ratio,
1.24;throatdiameter ratio, 1.08; spacing ratio, 0.22;flowdiver-
gence angle, 28°;shrouddivergenceangle,25°.
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Primsry-nozzlepressureratio, Pp/pO

(a) Thrust characteristics.

Figure 8. - Perfornance of eJector4. Exit diameterratio,
1.46; throat diameterratio, 1.10; spacingratio, 0.69;
flow divergenceangle, 190; shroud divergenceangle, 15°.
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0 4 8 M 16 Zo
primary-nozzle pressure ratio, Pp/pO

(a) Concluded. Thrust characteristics.

Figure 8. - Continued. Performance of ejector 4. Exit diam-
eter ratio, 1.46; throat diameter ratio, 1.10; spacing
ratio, 0.69; flow divergence angle, 190;,shroud divergence
angle, 15°.

.
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0 4 8 1.2 M 20
Pr_-nozzl,e pressureratio,Pp/po

(b) Flow characteristics.

Figure8. - Continued..Performanceof ejector4. Exit Msmeter ratio, 1.46;
throatdiameterratio,1.10; spacingratio,0.69; flow divergenceangle,
19°; shrouddivergenceangle,15°.
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.96 .- ---0 4 8
Primary-nozzle

(b) COnChlded.

u 16 20
pressure ratio, Pp/PO

Flow characteristics.

Figure 8. - Concluded. Performance
eter ratio, 1.46; throat d3.smeter
0.69j flow divergence angle, 19°;
150.

of e~ector 4. Exit di.szll-
ratio, 1.10; spacing ratio,
shroud divergence angle,
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Pr_-nozzle pressure ratio, Pp/po

(a) l?brustcharacteristics.

F&w== 9* - Performanceof ejector 5. EMt dismeter ratio,
1.46; throat diameter ratio, 1.10; spacing ratio, 0.51;
flow divergence angle, 25°; shroud diverg&nceangle, 20°.
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Frlm9xy-noszle pressure ratio, PJ~

(a) concluded. 5ruBt dlerECt@atlcs .

Pigure 9. - Cmttid. Pexformmce of ejector 5. Ikdt Wader zatio, 1.46;
threat &iemeter ratio, l.10; epa$ng mtio, 0.51; flow divergence angle,
25°; shroud diver~ce angle, 20 .

.
Oow

!2’



NACA RM ES7F13 41

.

.

0

3

.

.

.,

..

.

.

.

.

0 4 8 12 16

J
Prhary-nozzle pressure ratio, P pO

(b)Flow characteristics.

Figure 9. - Continued. Performance of ejector 5. Mt dismeter ratio,
1.46; throat diameter ratio, 1.10; spacing ratio, 0.51; flow diver-
gence angle, 25°; shroud divergence angle, 20°.
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Corrected weight-
f’lowratio,
WEATSTFPP

o 0
.032

$ .079
A
k

.119

.158 I
. “a o 4 8 12 16

primary-nozzle pressure ratio, Pp/pO

(b) Concluded.

Figure 9. - Concluded.
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Figure 1.2.- Continued. Perf~ce of eJector8. Exit diameterratio,1.81;tbr-tdiameterr8ti0, 1.10; qac~ ratio, 0.98;flow Mwgeme m, 230; &OUd tiw-
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